It is generally accepted that strains of Staphylococcus aureus which are susceptible to penicillin G do not produce ,8-lactamase. However, we have found that such a strain susceptible to 0.06 ,ug of penicillin per ml and 0.56 lAg of methicillin per ml produces ,8-lactamase(s) which hydrolyzes penicillin G, methicillin, 6-aminopenicillanic acid, and probably cephaloridine.'The enzyme which is found only during very early log phase of the growth cycle is not inducible either by penicillin or methicillin and is cell bound and liberated only by disruption of the cell. The rate of enzymatic hydrolysis of methicillin was 60% that of benzylpenicillin. This finding suggests that the elaboration per se of ,B-lactamase does not necessarily afford resistance to penicillin in this gram-positive-producing cell.
lactamase in gram-positive cells is to afford a natural selective advantage for producing cells. In Bacillus cereus, data have been presented (7, 8) which are, at the very least, consistent with the hypothesis that 8-lactamase is involved in cell wall metabolism, probably during sporulation. In an inducible ,-lactamase-producing Staphylococcus aureus, a peptidoglycan has been isolated (10) from late lag and early logphase cells which is apparently the effector for the endogenous formation of the enzyme, endogenous being defined as the spontaneous appearance off,-lactamase in the absence of exogenously added inducer.
The earliest work by Abraham (1) noted that the enzyme present only in bacteria probably was not related to penicillin. It was also found that some penicillinase-producing species of Bacillus were susceptible to penicillin and that in S. aureus there was no correlation between amounts of enzyme produced and level of resistance (11) .
There are reports (9) indicating that, in some instances, ,B-lactamases produced by gram-negative bacteria are not the determinants of resistance to ,8-lactam antibiotics in these organisms; e.g., Hamilton-Miller (3) reported that in E. coli the enzyme was not important in conferring resistance to benzylpenicillin and ampicillin.
In laboratory strains of B. cereus susceptible to benzylpencillin, we have previously reported (8) the spontaneous appearance of 16-lactamase immediately prior to the onset of sporulation. In this communication, evidence will be presented showing the presence of the enzyme in a penicillin-susceptible S. aureus. The enzyme(s) hydrolyzes not only penicillin G, but also methicillin, 6-aminopenicillanic acid, and probably cephaloridine. MIC of benzylpeniciliin and methicillin. The MIC was determined by serial dilution of the antibiotics in TSB. Each 1.0 ml in these tubes was inoculated with 0.05 ml of overnight cultures of TSB-grown cells (approximately 7.5 x 107 colony-forming units per ml) and was incubated for 20 h at 370C. The optical densities at 660 nm were read in a Gilford spectrophotometer, the densities having previously been standardized against plate counts.
MATERIALS AND METHODS

Organisms
Preparation of cell-free enzyme. Four liters of TSB was inoculated with 800 ml of an 18-to 24-h-old culture containing 7.5 x 107 cells per ml. After 2 to 3 h of incubation with shaking at 370C, the cells were harvested by centrifugation at 16,000 x g for 10 min in a Sorvall RC 2B centrifuge at 50C, suspended in approximately 20 ml of 0.05 M phosphate buffer, pH 7.0, recentrifuged, and resuspended in the same volume of fresh buffer. The optical density at 660 nm was adjusted to 0.4. A 10-g portion of glass beads (0.45 to 0.5 mm; Will Scientific, New York) was added, and the slurry was treated for 90 min in a Branson 20KC Sonifier; the temperature was maintained at 5°C. Breakage was monitored in the phase-contrast microscope. After at least 90% of the cells were found disrupted by this treatment, the material was centrifuged at 16,000 x g for 10 min. The supernatant was collected and tested for,-lactamase activity using appropriate substrates.
Preparation of silica gel plates for thin-layer chromatography. The method is similar to that of Smith (14) . Silica gel (25 g) was added to 60 ml of distilled water and shaken until a homogeneous slurry was obtained. The slurry was then coated on a clean glass plate (20 by 20 cm) by means of a spreader. The plate was allowed to "set" for 10 to 20 min, was dried at 800C for 30 to 60 min, and was activated at 110 to 1300C for 1 to 2 h before use.
Thin-layer chromatography on silica gel for the detection of penicilloic acid. The reaction mixture (after incubation for 30 min at 300C), consisting of the supernatant obtained after sonic treatment and the appropriate standards, was chromatographed on silica gel as described by Wagman and Weinstein (15) .
A sample (50 id) was applied to a silica gel plate, and one-dimensional chromatography was performed, using a solvent mixture of butyl acetate-butanol-acetic acid-methanol-0.2 M phosphate buffer (pH 5.8) in the ratio (by volume) of 80:15:40:5:24.
The chromatogram was run for 4 h, air dried, and sprayed with 0.01 N iodine solution in 0.03 M potassium iodide containing sodium azide (20 mg/ml) followed by spraying with 1% aqueous starch solution. The sprayed chromatogram was air dried. The various penicilloic or cephalosporinoic acid spots appeared as white zones on a bluish violet background. In all cases, appropriate controls without extract and without reagents were run simultaneously.
Penicilloic acid standards were prepared by incubating benzylpenicillin at a concentration of 5 mg/ml with concentrated penicllinase at 300C for 20 min.
Methicilloic acid standard was prepared by incubating 5 mg of methicillin per ml with 1 N sodium hydroxide at 37°C for 20 min. The sodium hydroxide was then neutralized with hydrochloric acid. Cephalosporinoic acid standard was prepared by the method described for the methicilloic acid preparation. Later, through the generosity of C. Claridge, Bristol Laboratories, Syracuse, N.Y., authentic penicilloic and methicilloic acids were obtained and used as standards.
Chemicals. Sources for the reagents used were as follows: benzylpenicillin (E. R. 
RESULTS
MIC of benzylpenicihhin and methicillin. The MIC of benzylpencillin and methicillin for S. aureus S9 was determined and found to be 0.06 and 0.56 ug, respectively.
,-Lactamase activity in whole ceils. In our previous experience with S. aureus Si, an endogenous penicilinase producer, ,B-lactamase activity was found to be highest in the late lag and early log phases of the growth cycle. Accordingly, experiments were performed to determine whether,8-lactamase occurred similarly in a fl-lactamalte-negative strain of S. aureus (S9).
As shown in Fig. 1 shown, samples were withdrawn, diluted with fr-esh TSB medium, and plated on nutrient agar, and colonies were counted after overnight incubation (@-4). At the same time intervals, samples were withdrawn, and appropriate concentrations or dilutions were made in the centrifuged supernatant medium so that 1.0 ml contained 1.3 x 10" cells per ml. This suspension was assayed for ,6-lactamase activity using benzylpenicillin (0-O) and methicillin (0-----0) as substrates.
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VOL. 13, 1978 the growth cycle. The level started to decline during mid log, reached the initial level at the end of the log phase, continued to decline slowly, and thereafter remained constant throughout the remaining parts of the growth cycle. The /8-lactamase activity when methicillin was used as substrate was approximately one-half of that when benzylpenicillin was used as substrate. Both enzymatic activities were constitutive, and no enzymatic activity was ever detected in the culture filtrate.
,B-Lactamase activity in cell-free preparation. Since the highest enzymatic activity was observed in the early log phase, cells were collected during this period. The cell-free preparation obtained by sonic treatment exhibited approximately one-half the activity of the whole cells ( Table 1) . As with whole cells, methicillinase activity was about 60% that of benzylpenicillinase. Controls were run both without substrates and without enzyme to correct for nonenzymatic hydrolysis of the substrate and for iodine uptake by the enzyme preparation.
Thin-layer chromatography of the cellfree preparation on silica gel. The above results indicating ,8-lactamase activity with benzylpenicilhin and methicillin as substrates in a penicilin-susceptible strain of S. aureus appeared somewhat anomalous. It therefore seemed appropriate to test the activity by another method. The products of ,B-lactamase activity, the corresponding penicilloic acids, may be visualized by thin-layer chromatography on silica gels using an iodine spray. The spots indicating hydrolysis of benzylpenicillin, methicillin, 6-aminopenicillanic acid, and mixtures of benzylpenicillin and methicillin appeared as white Fig. 2 . Penicilloic acid, methicilloic acid, and 6-aminopenicilloic acid standards were also visualized. In the system used, methicilloic and benzylpenicilloic acids moved at the same rate. There are other spots probably indicating other breakdown products of cephaloridine as a result either of activity of the organism or the assay procedure. It is clear that the extract hydrolyzed the various substrates to the corresponding "oic" acids. The lower spots arising from the activity of the enzyme preparations on methicillin cannot be interpreted at this time.
DISCUSSION
The observations that a penicillin-susceptible strain of S. aureus synthesizes endogenously a B-lactamase capable of hydrolyzing benzylpenicillin, methicillin, 6-aminopenicillanic acid, and probably cephaloridine is difficult to reconcile with the hypothesis that enzymes of this nature are responsible for resistance to those penicillins hydrolyzed. The ability of a penicillin-susceptible cell to synthesize a ,B-lactamase is not unique. Ozer et al. (7) reported /3-lactamase production in penicillin-susceptible B. subtilis, and the finding by Matthew and Harris (4) (5, 6) . Certain fi-lactamases that cannot be distinguished biochemically and in some instances even immunologically can be differentiated by analytical isoelectric focusing (5). This technique was used to detect fB-lactamase in many species that were previously thought to be fl-lactamase negative. f,-Lactamases are universally present in bacteria, and separation by isoelectric focusing aids in bacterial taxonomy (4) . A laboratory strain of B. cereus, susceptible to less than 1.0 ,ug/ml and previously considered not to produce 8i-lactamase, produced this enzyme spontaneously (4). The enzyme was found to be inducible, and the highest activity was observed at sporulation.
